In the present study, structural properties of C 7 Si 5 Ge 3 cluster and interaction between this cluster and vitamin C have been studied extensively utilizing density functional theory (DFT) employing B3LYP exchange correlation. Nuclear magnetic resonance (NMR) properties are calculated by using density functional method (B3LYP) with 6-31G, 6-311G* and cc-pvdz as basis sets. Also natural bond orbital (NBO) analysis has been performed for C 7 Si 5 Ge 3 cluster and C 7 Si 5 Ge 3 inside vitamin C. Our results indicate that vitamin C can form stable bindings with C 7 Si 5 Ge 3 cluster through oxygen (O) active site. Thus, we arrive at the prediction that the C 7 Si 5 Ge 3 cluster can be implemented as a novel material for drug delivery applications.
INTRODUCTION
Group-VA cluster such as BN nanomaterials are expected in extensive application due to the good stability at high temperatures with high electronic insulation in air. Despite the carbon nanotubes, BN nanotubes are constant band gap materials and thus provide an attractive opportunity for practical applications . The wide range of their electronic properties from metallic to wide-gap semiconductors, depending on their chemical composition, makes them suitable candidates for nanosize electronic devices (Monajjemi et al., , 2009 ). Due to the similarity between B-N and C-C units, a lot of effort has been devoted to BN fullerene-like materials in recent years, which have excellent properties such as heat resistance, insulation, and structural stability (Chopra et al., 1995; . Several studies have been made on BN nanomaterials such as BN nanotubes, BN nanocapsules, and BN clusters since they have excellent properties such as heat resistance in air and insulation, and these nano-particles are expected to be useful as electronic *Corresponding author. E-mail: m_monajjemi@yahoo.com. devices, high heat resistance semiconductors, and insulator lubricants (Corso et al., 2004; Golberg et al., 1998; Stephan et al., 1998; . Also extensive research has been focused on group-IVA elemental clusters C n , Si n , Ge n , Sn n and Pb n in the past two decades for both fundamental and technological reasons while very limited experimental and theoretical investigations performed on binary A m B n or ternary AlB m C n clusters (A, B, C=C, Si, and Ge) Monajjemi et al., 2004 Maiti et al., 2000; Froudakis et al.,1994 Froudakis et al., , 1995 Grev and Schaefer, 1985; Lammertsma and Guner, 1988; Drebov et al., 2010) .
Over the past several years, Froudakis et al. (1994) have performed various ab initio investigations on Si m C n binary microclusters, including the second-order MollerPlesset (MP2) and coupled cluster singles and doubles (CCSD) calculations on Si 4 C, MP2 or higher-order perturbation (CASP2) on Si 2 C 4 , Si 3 C 3 and Si 2 C 4 (Froudakis et al., 1994; Mollaamin et al., 2008) . MP2 and CCSD(T) on Si 3 C 2 (Froudakis et al., 1995) and CCSD(T) and tight-binding moleculardynamics studies on SiGe, Si 2 Ge 2 , and Si 2 Ge 4 . Earlier theoretical and experimental investigations provided detailed structural and bonding characteristics for Si 2 C and Si 2 C 2 (Lammertsma and Guner, 1988; Drebov et al., 2010) . Very recently, we presented a density functional theory (DFT) study on binary microclusters A m B n (A, B=Si, Ge; s=m+n≤10) and found that these clusters follow similar structural patterns to corresponding elemental Sis and Ge s , (Li et al., 2001) and have more isomers with lower symmetries. However, Monajjem et al. 3871 as we know, there have been no theoretical or experimental results reported on Ge l Si m C n ternary clusters to date. In this work, interaction between C 7 Si 5 Ge 3 cluster and vitamin C has been studied by using DFT employing B3LYP exchange correlation.
Computational details
In the present work, we optimized the C 7 Si 5 Ge 3 ( Figures  1 and 2 ) with 3 basis sets, 6-311G, 6-311G* and ccpvdz and C 7 Si 5 Ge 3 beside vitamin C with 2 basis sets, 6-311G, 6-311G* with the Gaussian 03 by the B3LYP method. The nuclear magnetic resonance (NMR) isotropic shielding constants were calculated using the standard Gauge-Independent Atomic Orbital (GIAO) approach of GAUSSIAN 03 program package (Dichfield, 1974; Zurek and Autschbach, 2004; Osmialowski and Gawinecki, 2001 ).
(a) The isotropic value σiso of the shielding tensor which can be defined as (Becke, 1988; Lee et al., 1988) : Tables 1 and 2 and Plot of σ iso , σ aniso , ∆, δ and η versus atomic charge for C 7 Si 5 Ge 3 cluster and C 7 Si 5 Ge 3 beside vitamin C has been illustrated in Figures 3 and 4 . Also NBO analysis has been performed. The results of NBO analysis at different level of theory are listed in Table 3 .
RESULTS AND DISCUSSION

Nuclear magnetic resonance (NMR) calculation
We studied about C 7 Si 5 Ge 3 as a novel material for vitamin C carriers. Before and after connecting the vitamin C to C 7 Si 5 Ge 3 NMR calculations were performed Table 2 . Nuclear magnetic resonance parameters of Carbon, Silicon, Germanium and Oxygen atoms in C7 Si5 Ge3 inside of vitamin C at the level of B3LYP/6-311G and B3LYP/6-311G*. in electric field of charges. The remarkable feature in these calculations is observed in calculations of η. We can see completely symmetrical curves at various methods and basis sets (Figure 3e ). This symmetry does not exist after connecting to vitamin C (Figure 4e ). Although the maximum points are various in different methods but the symmetry is observed around the axis of zero charge. In other words, positive and negative areas show the same behaviour. Some minimums are observed for η at zero charge that are -7 and -3 for 6-311G and 6-311G* basis sets respectively but to be positive for cc-pvdz basis set. This symmetry does not exist for σ iso and σ aniso and in positive area is more regular than negative area. But in the case ∆σ that is the result of σiso and σ aniso this symmetry can be seen again ( Figure 3C ).This symmetry is lower for the cc-pvdz basis set.
We want to examine what changes occur if the vitamin C connect to C 7 Si 5 Ge 3 cluster and under what circumstances the vitamin C establishes a strong connection and in what situation the connection would be weak. The results show that vitamin C connects stronger to C 7 Si 5 Ge 3 cluster in positive charges than negative charge. Thus by creating a positive field vitamin C can be connected to the C 7 Si 5 Ge 3 cluster and delivered easily by using a negative filed. These observations are exactly observed for σiso, σ aniso and ∆σ.
Natural bond orbital (NBO) analysis
The concepts of NBO analyses are useful for Figure 3 . Plot of (a) σiso (b) σaniso (c) ∆σ (d) δ and (e) η versus atomic charge for C7 Si5 Ge3 cluster. distributing electrons into molecular orbitals used for the one electron density matrix to define the shape of the atomic orbitals in molecular environment and then derive molecular bonds from electron density between atoms. At each considered coordination, the bonding and antibonding coefficients of s and p orbital of Si-C were 0.5 and 0.8 for C 7 Si 5 Ge 3 cluster at B3LYP/6-311G, B3LYP/6-311G* and B3LYP/cc-pvdz level of theory. But this order does not exist for C 7 Si 5 Ge 3 cluster inside vitamin C.
